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WING PREWURWDIS!ERZ3NJTION MEMXEWENT S UP TO 0.866

MACH mm IN FLIG~ ONA JET--PROPELLEDAZW?LANE

By’Harvey B. Brown and Lawrence A. Cloueing

STJMWRY

Flight tests were conducted to determine scale and compressibility
eff’ectson the pressure distributions over a wing having an NACA 3mw-
drag profile. The jet-propelled airplene used permitted tests to be
conducted to a Mach number of 0.866.

For lift coefficients ranging from O to 0.60, for which data are
presented, no appreciable compressibility effects on spmwlse wing load-
ing were noted below O.T~ Mach number. Above this Mach number en in-
board lateral shjft of load occurred which is attributed princigall.yto
upfbating of the aileron8.

The tests showed a more negative value of section pitmhing+noment
coefficient as Mach nmber increased up to about 0.78. From this peak
negative value the pitching+noment coefficient rapidly shifted to much
less negative values as the Mach n~ber was increased especially for
1~, Ijft ~oeffici~tso The variation of pitching+mment coefficient
with lift coefficient became stabilizing at Mach numbers of 0.82 to
0.84.

Above 0.7~ Mach number the ailerons floated up, and the pressure-
distribution raeasurementsshowed that extreme~ large aileron hinge
moments were present due presumably to flow separation on tho upper sur4
face of the wing. The aileron flutter which occurred above 0.83 Mach
number was considered to be interrelated with the occurrqce of these
large hinge moments.

INTRODUCTION

Ih continuance of a progrem for obtaining research information at
high speeds from flight tests, pressure-distribution measurements have

..
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been made over the left wing of a Jet-propolled airplano poesessi~ a
,

wing with an NACA low-drag airfoil section.

The primmy purpose of ~his investigationwas to.determine the ef-
fect of compressibility on fundamental aerodynamic chsracterietics as
far into the supercritical speed range as practicable. It was intended
thus to supplement previous work dono cm an airplane Iuivincconventional
airfoil sections (reference 1) at somewhat lower speeds.

SYMBOLS

The followi~ symbols are used throughout the report:

%
airpbne normbl acceleration factbr (Z/W)

b/2 wing z3emispan,feet

c wing section chord, feet

Ch
seotion hinge+mnent cod’ficient

)(:)]‘“l* ;;U+ :-”().75 d“x116’
L /.0,7L J’(

Cb,)i,w.s.ea :“ wing bending-mCment coefficient ,..

CL

Cn

‘b ql.oo

~1E
CnC

(i&-
o,265) (i). 1

‘-10,a65

(

AzW
airplane lift coefficient ~ as used in this report”)

,

section norma~force coefficient

[,J‘“”(’L-PJ‘c)]
C’NW.S.U= wing norqml--forcecoefficient ‘

[/

~
nl.00

Y
CnC )1‘(m ,2s . 0.265
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*

c=c/4

M

P

P*

3?(3

??seL.

q’

R

s

v“

vi

. x

Y

section pitching+mment coefficient about qu’krterchord

[[ (
1*O

)( x
,. PL-PU -–

)
o.2$M-”~ 5 1

c ‘\c:
“.o

acceleration due to gravity, 3P.2 feet,p-ersecond per second

total pressure, pounds ~er square foot

pressure altitude, feet

Mach number, ratio of atispeed to speed of sound

pressure coefficient [ (p-pO)/q]

pressure coefficient on upper surface

pressure coefficient on lower surface

static orifice pressure, ‘poundsper

., ,.
free-ktre’amstatic ‘pressure,

,,, .,. . . . .
standard barometric pressure

. . . foc)t.. , ,

_ic. pressUre
(F
:P ‘,

)

‘Reynolds number (based on

wing area, square.feet -

airspeed, miles”per-hour

potids

,.
at sea
. . . .

squa+e foot

per eqitie foot

. . . .
level, pounds per mymre
,. .,

pounds per square foot’. ,

section chord except whe,renoted.)

. .

correct indicated airspeed, miles per hour

,chordwise locat~oq from.l?adi~edge, feet

sps.nwiselocation from pl+ne of symmetry, feet

,
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1+/ drplane gross weight, pO~as

z aerodynamic no.maal.-force on airplens, pounds

tia aileron control-surface deflection, degrees

Subscripts

W.s. wing station

DESCRI?TIOE m’ TEE Am?IAm

WE.! m No. nm ‘

,

The tests reported herein were conducted on a Jet-propelled af.rpkux?,
photographs of which are presented in figures 1 end 2. A three-view
drawing of the airplane showing the spamwise locations of the win&
static-pressure orifices is given in figure ~. The dimensions of the
airplane pertinent to this

wing

Aitio3.1section . . . .

Area, sqft . . . . , .

Span,ft . ● . . . . ●

Asp~ct ratio . . . . .

Root chord, in . . . .

Tip chord, in , . . . .

Taper ratio . , . . . .

Mean aerodynamic chord,

Inoidence (with respect

Root chord, deg . .

Tip chord, deg o .

report are:

.,*,.* . . . . . . NAcA6~..213(a= 0.5)

..*,.* .*.*,* .*..,* ,* 237

.,.,,. .,.,,, .,,0., * . 38.9

#****.. ● .0.,.8 ● *.*9*
6.b

.80.,. **.*** .**,** ., 110

.***.* .***.* *.**** ., 40

. . ...0 .**.., ● .,*,, , 0.363

in, ● .* . . ., * , . , , . ● , , . , 80.6

to fuselage reference line)

.*.,,, . . . . . . ● .*.** ● * 1.0

S***.* .,,.&* ● .*.,. ,, -4.5 “

Dihedral (at trailing edge ,on,wtng
reference plane), deg , . . . . . . .“. . . . . , . . , . , 3.83 “

The wing has a constbn’tairfoil ~ection alongjthe spsn with the
52-percent-chordpoint of all sections lying in a pke perpendicular
to the fuselage reference line.
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The ailerons are attachad by a piano-type hinge to the upper win&
surface at the 7fiercen&chord line. They arrestatically end dynami-
cally mass-Ivalsnced,but have no aeroi@amic balance. The pi.an~-t~e
hinge effectively gives a eealed condition. ‘lb inboard end of the
aileron is at wing station 127 and tie outboard em at @.& ste,tion216.

The locations of the flush or+lficeson the wing are listed = table
I. Approximately &O orifices are located at each of the four principal
stations tested ad additional orifficesare located at inte~=tiate
stations.

!he ordinates of the NACA 651-213 (a=O.>) airfoil em preeented
in table II end a ccmps.risonwith the actual wing contour is presented
in figuzze4. This figure presents the difference between the actual and
theoretical ordinates; positive values for the upper sn~ 10WSY SUrfa03
refer to ‘lb~si’ o~ ele~atio~ outside tie ~eoretic~ conto~-, ad ne,ga-
ti~e values refer to depressions below the theoretical contour. One of
the prlmery sources of cent@@ irregularities is the T7ing sps~s which sxs
located at 20, 52, and 70 percent of the chord.

‘

m’SmU@NTJU’IoN

.
All quantities presented herein were ohtainedby the use of stand--

ad N...CAphotographically recording instrwnents synchronized by tks use
of a timer. l&nometers were used to record the pressure Ufterence be-
tween the wing or~ices and the fuselage nose comperlmeritin which the
m=anameters%-erehoused. (See fig, 5.) Asensitive yressuse cell was
used to determine the pressure ~ference between the nose compe~-tment
and the static pressure at the airspeed hesd.1

METHOD & TESTING

.

The followi~ flight technique was employed by the yilot. After
stabilizin& in a steady straight run the airplane was rclled into a
progressively tightening turn, maintaining as constent an *speed as
possible up to either the etall or as high an acceleration factor as
the pilot deemed mfe.

The allerorimo7ement during this mamuver proved to be a serious
drawback to this tachmique. At high speads the aileron deflections

‘lTha airspeed head wm located 1.26 chord lengths ehaad or the
wing leadin~ edge on a boom attached to the wing-tip tsnk shackles.
(See fig. 6.)
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necessary to roll were a&ll and could be considered n@lgible’ but, at
.

low speeds, a$leron angles of 3° to 4° were not uncommon. It appea?w
that better flight rabults in the low-speed range wouldbe obtained with
a flight technique ,utilizingeither 6traight pull-yps or steady @rns.

The data presented herein for the higher Mach numbers
M

(M = 0.78 to
= 0,866) were obtained during entry into &d recovery fzyxishallaw

dives.

‘Theresults of

REDUCTION OF DATA-ACCURACY

the pres&re.Distribution tests are presented in
the form of graphs showi& the chordwise variation of pr~~sure coeffi-
cient P. l%ls-coefficie~t is based on the static pre&ure at the air-
speed head, corrected for position ei’roras determined from a low+lti-
tude flight calibration. This flight calibration was made by flying
the airplane past an object of known height to obtain the pressure dlffor-
ence between the airplane static pressure and the barometric pressure.
An attempt to determine this difference at a higher altitude proved in- ,
conclusive. In addition the error in static pressure inherent in the air-
speed head itself was detemined up to M = 0.85 by calibrating it in
the Ames 16-foot high--speedwind tunnel. The airspeed and altimeter *
readings were also correctdd for these errors.

All the pressure lines of the airspeed system were balanced to pro--
vitleequal rates of flaw during rapid changes in altitude. In order to
avoid the use of en excessively long impact pressure line to provide
equal rates of flow, two separate sources of static pressure were pro-
vided, one for the airspeed recorder end one for the altitude recordor.
All lines were S/&inch inside diameter end about 7 feet long, for
which length the lag was considered to be negligible. ,(Seereference 2.)

The airspeed instrument, altimeter, end all pressure cells were
calilmatdd at several temperatures to detemxke the correction due to
temperature. This correction was a function of the instrument temper-
ature, a’somewhat difficult quantity b dete~ne in flight,and therefore
the Instrument te~pratures were estimated from the smbient-air tempera-
ture and the rate of coollng of the instrument. For the airspeed instru-
ment and altimeter the error was quite small and for the orifice-pressuns
manometers the temperature correction showed a wide variation between
cells. For the average cell the error introduced by temperature ch~e ‘
was the principal error involved.

The estimated accuracy with which the various quantities were eval- “
uated is Given as follows:
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vi ~0.7 miles per hour

M a. 005

‘P bO feet

+&o/$‘P_

68 50.25°

In general, the accuracy of the rssults was considered satisfactory
above a Mach number of’0.50 and above a Remolds number of 10 x 106.
Below these values the errors involve~ in measuring pressure coefficient
P produced inconclusive results.

All values of sectio~force coefficients ~d section~oment coeffi-
cients were obtained by mechanical integration of the chordwise varia-
tion of the pressure coefficients.

The range
i~ustrated in

RESULTS

of Mach and Reynolds numbers
figure 7.

In general, results are presented as a

covered during the tests is

function of Mach and Reynclds
numbers with emphasis being placed on the effect resulting from va&L-
tions in Mach number. A typical comparison of pressure distri?mtions
obtained at substantiall~ constant Mach number but with varying Reynolds
number is illustrated in figure 8.

‘lypicalchordwise pressure distributions measured in strai&ht un--
accelerated flight between M . 0.69 and M . 0.79 ere presented in figures
9 and 10. Similar data taken during dives in which a maximum Mach number
of 0.866 was reached me presented, in fi~e U., Included with the data
presented in figures 9, 10, and 11 for wing station 65 is a comparison of
pressure distributions obtained on a l/3-scale model of the airplane “ .
tested in the Ames l~foot high--speedwind tunnel. Although the wind-
tunnel data presented were meas~ed at wing station 78, this station was
considered close enough to the airplane test section (wing station 65)
to permit valid c~arison..

As ummery of the data pertinent to each pressure distribution pre- ,
. sented is shown in table III. Owing to an instrument failme the pres-

sure coefficients for the flight data plotted in figures 9(e) to 9(1)
are based on the nose-compartment static pressure and not the free-
stream static pressure; thus all values of P are subject to a slight
undetermined constant correction.
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From
tioristhe

the chordwise
spanwise lift

mined. The~e data have

.

preseure distributions‘atvarious spanwise stm -
distribution outboard of station 65 was detor-
been broken down to show the effect of Mach xnmi-

ber on the basic lift distribution (CL = (),fig, 1.2)and on the totzl
lift distribution (fig. 13). From the data of figure M the variations
with Mach number of nor~~force coefficient CfN ihe win~ bendin~-mmewk
coefficient Cb m, and the lateral center of pressure of the wir~ po,nel
outbowd of station 62 (26.5 percent semispan) were calculated for sever-
al values of airplane lift coefficient and sxe presented in f~gures 14,
15, and I-6,respectively.

From the chordwise--pressm~-d.i~tributj.ondata the section pitching-
moment coefficients about the Beution quarte~hord points were deter-
mined. These data are presented In figure 17 as functions of M!ch number
and section norma~force coeffictont. The spanwise variation of section
pitching-moment coefficient with airplaue Lift coefficient and Mach n-,
ber is shown in figure 18.

In.the determination of the spanwise lift distribution it wm noted
that the aileron floated up, during the dives, at the h@her speeds. “
Therefore, the upfloat of the aileron with airplane lift coefficient at I
Mach numbers up to 0.% was determined and is preeented infi~~e 19.
To investigate the reasons for thie upfloat a measurement of the aero-
mc hinge maentwae obtained from the chordwise presmre distrilx- ‘
tion over the aileron. (See fig. 20.) The variation of preseure ovsr
the aft portion of the wing was determined (fig. 21), and the variation
of section hinge-aoment coefficient with Mach number for several values
of normal-force coefficleri’twas calculated. (See figs. 22 and 23.)

Chordwise

DISCUSSION

Pressure Distribution

Relative inmortance of Mach end Re.Vnolds numbers.- Above a Msch
number of 0.5 (the range in which the data are accurate enough to permit
comparison) the effect of the Reynolds number,vtiia’tionsshown in figure
7 were well within experimental error, This is demonstrated by a typi-
cal plot in fig~e 8 in which a cquison is made between preflsuredix
tributions at approximately the came Mach nm?iberbut at different
Reynoids numbers. The location of the shock was the same in both cases
and the small differences between the two curves could be reasonably a~
tributed to a slight difference in I&ch number.

.
,,

Furthermore, in plotting the varioim parameters C1lJ cItl(>/,i > Bpnrl-
.

wise loads, and so forth, as a function of Mach number, no consistent
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mrtations with altitude were apyerent. ,AA3a consequence, it was con-

sidered justifiable to neglect the effect of Reynolds num%er end to pro- ‘
sent the results as a function solely of Mach number.

Comparison with h%@-speed wind-tunnel data.- In general the com-

pxeison between the flight-test results end the wind-tunnelmodel tests
shown in figures 9> 10, and 11 indicated very good agreement. The prin-
cipal source of difference was the msmufacturing irregularities in the
wing of the test airplane.

The wind-tunnel model as Is custom&y had a smooth and accurately
finished wing surface as contracted with the actual airplane and there-
fore did not experience the Irregularities in pressure distribution pres-
ent in the flight data. In spite of the exceptionally smooth wing c- .
tour of the test airplane there are sufficient irregularities, princi--
pally due to wing spere, to produce quite considerable peaks in the pres-
sure distributions. These peaks become incretiing~ apparent at speeds
above the critical and constitute a considerable dissimilarity when con+
perison is made with the wind-tunnel results.

NevertheLess, the shock wave on the upper surface generally had a
: chordwise location in flight which was only slightly aft of the location

givenby the tunnel data. The static pressures at the trailing edge
were not always in agreement.t

Among the secondary sources of dMferences, that due to the pressure
field of the model supporting struts is considered to be most important.
The velocity profik due to the support struts is Indicated in reference
3 for >percent-thick struts. The model as tested has 12~ercent-thick
struts,and it is estimated that the Mach muiber vwied about 0.03 along
the chord of the model a.tthe test station at M = 0.80.

No consistent differences are observable between the tunnel and
flight pressure distributions which can definitelybe attributed tr
Reynolds nuniber. Examination of the comparisons qffordedby figuree
9, 10, end 1-1.show no greater discrepancies existing when the Reynolds
number difference is as large as 7.4x 106 to 34.3 X me (fig. 9(a))
thsn when the difference is reduced to 7.6 x 10° to 15.9 x loe--
{iFig. 10(m)).

.
Section Pitching-llment Coefficie~t

Figure 17 ind.lcateEa peak negative value of cm =-0.068 atM
c/4

= 0.-/6. “dith furtiierincrease in speed, c
%/4

rapidly becomes less

--
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.

negative for low vilues of Cn. For higher values of Cn this t~end is

small and the dlvtng moment increaees with further increase in Mach num-
ber. The indication therefore :s that above about M= 0.82 the wing
itself becomes steble with respect to normal--forcecoefficient (d~/dcn
ie negatl~e) and that this stabil:.tyincreases :-epidlyas the Mach num
ber is $ncreased to 0.86. S:.milarresults were obt25iJwd in tests on a
model wing in the Langley fi~fouth~gh-speed wind tunnel.

In viewing the results shown fcr wing staticns 152 and 20’7it
should be borne in mind that these stations &z-eover the allercn ~d
th~.tthe dleron was floating up.

Spaxwise Load Variation

The data of figures 12 and 13, which show the variation of spanwise
loading over a Mach number range OT 0.60 to 0.86, indicate a substantial
unloading of the wing outboard of station 62 at speeds above M = 0.75.
This cambe largely explained by the uyfloat of the ailerons and a shift 1

in the zero-lift angle of the wing. Aikron deflections of from 2° to ho
up for Mach numbers above 0.80 (fig. 19) ~hould unload the outboard sec-
tion of the wing. The positive shift in the zerc-lift an@e of the wing J

at speeds shove its critical would serve to increase the amount of lift
to be furnished by the fuselage.

Figures ~, 15, and 16 indicate an inward shift of load with Mach
number above M = 0.70 and a decrease in the wing load above M = 0.78.
To determine if perhaps some of the lateral shift of load could be at--
tributed to twistAnc of the wing under load, the torsional deflection
of the wing at a CL = 0.70 at M = 0.78 was calculated, using values

of torsional stiffness furnished by the manufacturer of the test air-
plane. Under this loading the calcubted angular deflection of the tip
with respect to wing station 62 was 0.16°. This wap considered toc small
to be an appreciable factor in the load distribution.

From the foregoing it may be concluded that below M = 0.75 the ef-
fect of compressibility on the spen load distribution i6 cf a minor na-
ture. The determination of this effect at higher Mach numbers was pre-
vented at this time by the lack of data on the effect of the upfloat of
the aileron.

Aileron Characteristics and Trailing-Edge Loads

On the last two flights made, large
noted for the highest speeds attained in

changes in aileron angle were
straight dives emd pull-outs.
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.
Unfortunately only one aileron position recorder had been installed and
that one was on the push-pull tube of the right aileron. The aileron
position as a function of CL end Mach number is shown in figure 19.

It has been assumed that the left aileron was behaving in a similar
manner since the data were obtained during straight dives and pull-outs.
This supposition is further supported by the linearity of the v~iation
of Chq iwith the aih.roh df3fkCti.Onas shown in fi$ure 20. The scatter
in the results may be attributed partly to effect of temperature on the
controL-system rigidity and.pextly to errors in determination of ch.

To detezmine the effect of the aileron deflection onkinge nxmente,
the pressure dietrihutic’?aover the eft 25~ercent chord’at tii~st~tlons
65 and 105.2S were iJlte~?’~’kIi ZM well- as.those over the aikron. This
procedure gives results ~~tie~~~jndi~ to zero allsron daflectims end
allows comparison with the results obtained with tileaileron deflected.

Figure 23 shows the hing~ment characteristics based on the pres-
sure distributions over the aft 2~=percent chcrd at wing 6tation 65.
From this it may be seen that ~C@Cn underwent a considerable change

at about M = 0.75. This would Indicate a substantial change in aileron
control forces in this remge (M= 0.75to 0.85). Eetwem M= 0.8j and
M = 0.86 a reversal of the slope indicates a sudden change in the aile~
on characteristics. This decrease in hinge moments at the higher values
Of cn is thought to be caused by the rearwerd chordwise location of th~
pOS,kpressures and Ehock wave location on the her surface as well as

fbw separation on the lower surface.

It appears logical that a large-scale separation on the upper sur-
face with the accor~anyi:.dloss in pressure recovery produces the large
hinge moments oltqi~ed. ~lliscondition may be rehdily.observed in the
pressure distributions of figure U

Figure 21 shows a typical variation with Mach-number of the pressure
coefficients for orifices near the trailing edge both at stations over
the aileron and in%oard of the aileron comparqd on the basis of constant
section norma~force coefficients. The sudden decrease in the coeffi-
cients of upper~urface pressures at a%out M = 0.80 is interpreted as
being a result of the flow separattcn.

.

Compar@ these curves of pressure coefficients for the trailing-
edge orifices for the vsrious stations, it may be noted that the flow at
wing station 15Z?separates at a much lower Mach number than at sny @f th9
other stations, en effect caused possibly by the relktive~ large bumips
on the nose. (~e fig. 4.) In addition, the separation at stations
over the ailerons occurs at a lower Mach number than that over the k
board wing stations, This is attributed to the fact that comparison
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between stations is made on the basis of equal values of sectional nor-
ma~force coefficients cm which means that due to the upfloating ail.e%

on a higher section angle of attack will be necessitated at the etations
over the aileron. It is this higher angle of attack which is believed to

be the cause of separation at a lower MAch number.

Although the aileron deflection produces sizable changes in the
appearance of the pres,suredistributions over both the upper and lower
surface, the change tn hinge moments due to the deflection is mail com-
pered to the large change in hinge moments occurring at Mech numbers
above 0.80. This is demonstrated inf@ure 22 in which a ch of 0.13
atM= 0.85 was obtained. It appears that the curves may have begun to
level off at about this value and that values of -0.16 to -0.20 would
not be exceeded. Separation on the lower surface would have the effect
of relieving these large hinge moments. Since this lower-surface sepa-
ration at least for low li$’tcoefficientsmay be expected to occur at a
Mach number not greatly above those already reached(0,866),theselargs
hinge moments are probably a chsmicteristic of a rather narrow range of
Mach number.

It might be noted that the aileron flutter observed at about
M= 0,83 on this airplane could possibly be e@alned by a coupling of
the shock and seyemation induced on the lower surface with the up-de-
flection of the aileron, the flow remaining virtually unchanged on the
upper surface due to the thick boundwy layers

Inspection of the pressure distributions ~bove M = 0.80 to 0.86 in
figure 11 indicates that the aileron loading is uniform along the chord.
The most rearward pressure orifices installed on the wing were at approx-
imately 9>percent-chord location. In this report the practice hae been
to fair the pressure diagrsms in theproximity of the trailing edge.
There is a possibility that a pressure discontinuity exists at the trail-
ing edge;in which case the aileron hinge moments wouldbe sl@htlyhig&-
er than stated herein.

On the basis of the results obtained to date it is recommended that
for the aileron and eft 30 percent of t@ wing chord a uniform chordwise
loading of O.hOq in the Mach number range of 0.80 to 0.866 be used for
design purposes, This corresponds to a ch = -0:20.

CONCLUSIONS

The following conclusions were formed
flight tests on an a@phne having anNACA

as a result of high-speed
low-drag airfoil.
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The results were considered accurate over a Ra.ynoldsnumber rue
from LO x 109 to 30 x 10° and over a Mach number &nge from 0.50 t;
0.86. Airplsne lift coefficients vsried from O to 0.60 for the lower
Mach numbers and from O.to 0.40 for the higher Mach numbers. Whereas.a
few of the results are aypllcable only to.the spbcific.airplane tested,
most of the conclusions may be applied to any aircraft with this type of
wing profile Xn the high-speed range. . .,

-1.No significant effect due to Reynolds number.was noticeable on.
the chordwise pressure distributions or spenwise loading:

2. Chordwise,pressure distributions made in the ties l&foot high-
speed wind tunnel agree well with the flight+t%st results except for dis-
tuz%nces caused by manufacturing irregularities in the airplane wing
surface. Although the test airplane has an exceptionally smoothing
surface, the irregularities present have a definite effect on pressure—
distributions.

3. Apeak negative value of

this Mach number
%/4

rapidly
*

of Cno For the higher values of

leads to a chenge of
“mc/4

/&cn
.

at Mach numbers of 0.82 to 0.84.

—

%+
occurs at M = 0.78. Above

becomes less negative for low values

Cn this trend is reversed. This

~from positive to negative (stable)

4. No large changes in spanwise loadings or wing bending moments
du~ to Mach n~ber were obt~~ned below M = oc75. Above M = 0075 ~
unloadin~ of the outer pomtion of the tiingwith an inboard shift of the
lateral center of pressure took place. The principal cause of this was
considered to be the upfloat of the ailerons with a shift in the zero
lift angle of the wing also having an effect.

5. The ailerons were found to have a large upfloating deflection
during dives above a Mach number of 0.80. This was caused by a sudden
increase in hinge moments when the Mach nwnber was increased above
M= 0.78. The high hinge moments were attributed to lmgescale separa-
tion causin~ a loss in pressure recovery on the aft portion of the upper
surface.

6. It is recommended that for design purposes the aft 30 percent of
. the wing chord and the ailerons shouldbe designed to withstapd a unifoun

chordwise loading of 0.40q at supercritical Mach numbers.

.

Ames Aeronautical Laboratory,
National Advisory Committee

Moffett Field, C%.lAf.,
for Aeronautics,
August 1946.
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TABLE 1.- ORIPI(IE LOOATIOIW OM ~llGS OF THE TEST AIRPIME
[(livenIn percent of chord]

Left wing

Upper surfRoe 11t
SpanwiBo station, in. from center

hifho line of airplane
!?0.

65 87.5 105.25 131 152 180 207

0.6!3---- 0.72 --- 0.32 --- 0. 6
1.47 ----

2
?.95 --- 1. 3

2.79 ---- ;; 3 ::: 2.20 --- 2.61

$g -i6- $ g :~: $g i;-”1?%
16.02

22:9 :::: 23:32 --- 22: 3 :: 2 .10
26.12 ‘“---- 25.84 --- 2.3 -- 2 ,13

{6 $!2 :
~.:3 ---,- $3 ● 97 --- 33 ~:: :.;g

4:78 :::: 46$9 :::
.

J

d
5 % ::::

;5;~; ::: ;:g :: ;:~:

.14 — 6?:&l --- 6:96 ::: 64:96
6?69.12 ---- 69.56 --- .63 --- 75.61

73.y3 ---- 76.&3 --- -p3.41–- go.lg
~;.: ---- --- g3.30 ~:: ;!.;;

4?;2 --- g9e9
{ ?g :1 :::: %19 --- 53.2 --- 95:25

d .19 ---- 94.3? --- --–- --- -----

Imer surfaoe

r

section 9ection

chord, 7.46 6.92 6.40 5s3 5.M 4.46 3.73 chord,
feet feet

Rhzht wlm

Spanwise s
llne of 8

65 137.5

0.69 ----
1.4a —--
2.g7 ----
5.26 ----
10.20 10
16.30 ----
2 .07 ----
z2 .1 ----

?;. ----
??0
45:93 ~~~~
56.13 ----
5.59 ----
6?.23 ----
69.51 ----
71.tl7 ----
79.09 ----
g2090 ----
g .15 ----
J .09 ----

7.466.92

At apanwlao rotation 105, orlfloes l~cated it 23, 26,
Upper and lower mmfaaea

atlon, in. from oenter
rplanti

05.25!1311 1.52llgOl 207

0.69 --- 0.39 --- 0.25
1.47 --- 1.05 --- 1.12
2.gl --- 2.17 --- 2.23
5.

3:
--- 4.60 --- b.g6

10. 10 9. 7 10 11.43
?16.23 --- 15. 9 --- 16.69

23.6g --- 22.59 --- 2 .43
i25.95 --- 2 .m! --- 2 .31

?
:2:% ::: ?&:~ ::: %:%
46.5o --- --- 47.&19
5J+.97--- 53:3; --- g::o

?g:! ; ::: 2.$6 ::: 65.1i

--- 72-5;
;:.?9---

1 II
---79.94

79:9 -- - 133:51 --- g5.02
g5.1 2-- - 90.14 --- 93.04
&s.76
95.061---1-----1---1-----

r.b31—-l -----

1---193.161--- l-–-

34, and 42 percent chord.
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TABLE 11.- ORDINA%%S OF NACA 651-213 (a s 0.5) AIRFoIL
. [All stations and ordinates In peroent ohord~

Q,’~ 10

%$
.s u~”
%%

$ s .,0
y I I I I 1

Upper aurfaoe II Lower surface !

station

95.01
100.00

L. E. r=
throu,

Ordinate ~ Station

o
1.06

6?
1.2
1.
2.2t!

i
.26
.02

6.67
5.71
6.51
7.12
7.56
7.85
7.98
7.9k
7.71
g.:;

5:8

?
.0 z
● 14

y~

1:33
● 53

0

Q
-.92

-1.10
-1 ● 35
-1.76
-2.3s
-2.84
-3.22
= .t?2

: .26
:k~$l
-4.82
-4.96
- .01

z- .95
-4.77
-k.47
-4.07
-3:%

-2- .49
-1.$$
-1.29

-.72
-.24
0

iw : 1.174. Slope of radius
hL.E.: o. c@4

I

.



TABLE III.- SUMMARY OF PRESSURE-DISTRIBUTION PLOTS PRESENTED
IN FIGURES 9, 10, AND 11.

Mach

number ~

u

0.689
.706
.688
● 704
.754
.758
.7$5
● 780
.807
.828
.866
.808

-

%essure
fltitude,

%
(rt)

~
10,000
20,200

29, ca
?00~, ~

?320; o

30,300
20,500
M, 200
27,400
17,400

Mplane

leynold6

number,

[X !0 -s)

32.3
25.0
17.13
13.3
32.3
g,:

14:7
19 ●

z
:;:
22 ● i

CL

-m
.08

.13

.19

.05

.06

.10
,11
.01
.20
.41
.4a

Wi~6;tation

On
Figure
number

1O.llg ●9 a)
.114 9 e)
.182 lg(i
.241 19(m
.116 llO(a
.10 llO(e

z
I

.13 llo(i

.171 110 (m1

.102 lll(a

.24 ll(e

.43 11 1
1

I
.513 ’11 m)

,

Wing 6tatlon
105.25

Cn
Figure

number

‘ing @tatl!on
152

~Indicates aomparlson made with high-speed wind-tunnel results.

Cn Figure

number

‘:o~ 9(C)
!.10 9(g)

d
9(k)

.1 9(o)

.031 lo(c)

.074 lo(g

.l@l 10(k 1

.06 ~[g)

J]
‘:!06 ll(g

I
.20 11 k)
.37511 0)

Wing statiol
207

Cn Figure
number

.0.006 9(d)
.010 9(h)
.045 9(1)
.102 9(p)

-.012 lo(d)
-.o15 10(h
.061 10(1

-.002 lo(p 1
-,074 11 (d
:;39 ll(h 1

4?
11(1)

. n(p)



Figure 1.- Three-quarter side view, test ai~l~e”
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NACA TN No. 1181 Fig. 5

.

.

(a) Right-hand side.

(b) Left-hand side.

Figure 5.- Nose compartment instrumentation in the test airplane.
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Figure 6.- Airspeed-boom installation on ths test airplane,
m
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